INTRODUCTION
============

Nutrition is becoming the focus of public attention due to the growing awareness of the health-promoting properties of certain foods. Fluids and beverages are an important part of our daily diet, and in particular, coffee is a major beverage in the daily lives of many Koreans. It is well known that coffee, which is second to water in terms of consumption,[@B1] has steadily been increasing in popularity. Approximately 500 billion cups of coffee are consumed annually worldwide[@B2] and it is estimated that adult Koreans drank, on average, 338 cups of coffee in 2011.[@B3] Reflecting this trend of increasing coffee consumption, many studies have been conducted to examine the association between coffee and various diseases, such as diabetes, cardiovascular disease,[@B4] and several cancers.[@B5] Among such studies, an inverse association between coffee consumption and diabetes has been identified by a systematic review.[@B6] Although there is a paucity of knowledge regarding the relationships between coffee consumption and the risk of renal function impairment, recent small-sized Japanese studies have suggested that habitual coffee consumption may be associated with normal or increased estimated glomerular filtration rate (eGFR).[@B7]-[@B9] Since renal function impairment is often caused by diabetes, even in the early stage of pathogenesis,[@B10] one could speculate that coffee consumption may have favorable effects on kidney function via antidiabetic effects. Moreover, the beneficial effect of coffee consumption on vascular disorders in middle-aged and elderly diabetic American women has been reported to occur through coffee consumption\'s inverse association with markers of inflammation and endothelial dysfunction.[@B11] In the present study, we used large-scale and nationally representative data from the Fourth Korea National Health and Nutrition Examination Survey (KNHANES) to determine whether coffee consumption is associated with impaired renal function of Korean women with and without diabetes.

METHODS
=======

1. Data Collection
------------------

KNHANES IV was conducted by the Korean Centers for Disease Control and Prevention (KCDC) between 2007 and 2009. KNHANES is a nationally representative survey as described previously.[@B12] The survey consisted of 4 components: the Health Interview Survey, the Health Behavior Survey, the Nutrition Survey, and the Health Examination Survey. The data were collected through standardized health examinations and household interviews with self-reported questionnaires. The health examination data consisted of height, body weight, waist circumference, body mass index (BMI), blood pressure, total cholesterol, triglyceride, high-density lipoprotein (HDL) cholesterol, and fasting blood glucose. The questionnaire included demographic, socioeconomic and lifestyle characteristics. Such as marital status, education level, household income, medical history, current drug use, nutritional habits, smoking, alcohol consumption, daily physical activity, and other health-related behaviors.

2. Subjects
-----------

In the 2008, survey conducted for KNHANES IV, 12,528 subjects from 4,600 households were selected using a stratified, multistage probability sampling design, and 9,744 subjects participated in the survey. As incidence of renal impairment increases with age, we included middle-aged and elderly women but excluded extremely elderly women older than 85. Of the 3,160 women aged 35 to 84 years, 487 who did not respond to the coffee questionnaire or who lacked data about diabetes were excluded. After all selection procedures were complete, a total of 2,673 middle and elderly aged Korean women were analyzed.

3. Assessment of Variables
--------------------------

Height was measured in millimeters and body weight was measured in kilograms to the first decimal. BMI was calculated as body weight divided by height squared (kg/m^2^). Blood pressure was measured manually 3 times with at least 5 minutes of rest in the sitting position, with a standard mercury sphygmomanometer (Baumanometer; WA Baum Co., Inc., Copiague, NY, USA). The second and third measurements were averaged for analysis. Blood samples were obtained in the morning after at least 12 hours of midnight fasting, and total cholesterol, triglyceride, HDL cholesterol, fasting blood glucose, and creatinine were measured by enzyme techniques using an auto-analyzer (ADVIA 1650; Bayer, Tarrytown, NY, USA).

The Health Interview Survey included questions regarding whether participants were currently taking medications for hypertension, diabetes or dyslipidemia. The participants were defined as smokers if they smoked more than 5 packs during their lifetime. Likewise, alcohol drinkers were defined as those who ingested alcohol ≥ 1 time per month according to the public health index. Alcohol Use Disorders Identification Test (AUDIT) scores were calculated and individuals were excluded if they had an AUDIT score of ≥ 8 points. Active physical exercise was defined as at least one of the following conditions: vigorous-intensity physical activities of more than 20 minutes 3 times a week, moderate-intensity aerobic physical activities of more than 30 minutes on 5 times a week, or walk more than 30 minutes 5 times each week.

The eGFR was derived from the Modification of Diet in Renal Disease equation: eGFR = 186.3 × (serum creatinine)^-1.154^ × (age)^-0.203^ (× 0.742, if female).[@B13] Renal function impairment was defined as eGFR \< 60 mL/min/1.73 m^2^, according to the National Kidney Foundation classification.[@B14] Some studies[@B15],[@B16] simply defined chronic kidney disease as eGFR \< 60 mL/min/1.73 m^2^. However, the actual definition of chronic kidney disease (CKD) is based on the presence of kidney damage (i.e., albuminuria) or persistent decreased kidney function for ≥ 3 months, as well as eGFR.[@B14],[@B17],[@B18] For this reason, it would not be proper for us to use a single measurement of eGFR \< 60 mL/min/1.73 m^2^ as the diagnostic criterion for CKD. Instead, we used the expression of \"renal function impairment.\" Homeostasis model of assessment-insulin resistance (HOMA-IR) was calculated using the following formula: HOMA-IR = fasting insulin (lU/mL) × fasting blood glucose (mmol/L)/22.5. Diabetes was defined as a fasting blood glucose level of ≥ 126 mg/dL or current treatment with hypoglycemic agents. Hypertension was defined as a systolic blood pressure level of ≥ 140 mm Hg, a diastolic blood pressure level of ≥ 90 mm Hg, or reporting current hypertensive drug use.

4. Coffee Consumption
---------------------

Self-reported coffee consumption data were obtained through dietary interviews. Participants were asked how many cups of coffee they drank during a day, a week or a month. In the questionnaire, the frequency of coffee intake was classified into the ten categories: rarely, 6-11 cup/y, 1 cup/mo, 2-3 cup/mo, 1 cup/wk, 2-3 cup/wk, 4-6 cup/wk, 1 cup/d, 2 cup/d, and ≥3 cup/d. Frequency of coffee consumption was assorted into 3 groups (\<1 cup/d, 1 cup/d, and ≥2 cup/d) because of the small difference between the individual participants and the excessively small samples. No distinction was made between caffeinated and decaffeinated coffee, or between the individual types of coffee (boiled, filtered, and instant).

5. Statistical Analysis
-----------------------

All statistical analyses were conducted with SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). Statistical significance was defined as a P-value of \< 0.05. All estimates were calculated using sample weights to represent the entire Korean population and adjusted for the complex sample design of the survey. Odds ratios (ORs) and 95% confidence intervals (CIs) for renal function impairment-associated coffee consumption were estimated with a multiple logistic regression model. The baseline factors were adjusted for age, alcohol intake, total energy intake, hypertension, antidyslipidemic drug use, and BMI. To improve the normality distribution, the values of total energy intake, fasting plasma glucose, total cholesterol, triglycerides, eGFR, and HOMA-IR were log transformed. Persons who drank \< 1 cup of coffee per day were used as a reference group. Stratified analyses were performed based on the absence or presence of diabetes to establish whether an effect on eGFR might account for the particular effects of coffee consumption on diabetes.

RESULTS
=======

Coffee consumption at baseline was associated with several lifestyle and metabolic factors ([Table 1](#T1){ref-type="table"}). Coffee drinkers were more likely to be younger, consume alcohol ≥ 1 time per month and ingest more calories. As compared with persons who consume less coffee, more subjects who consumed coffee ≥ 1 cup of coffee per day were less likely to use hypertensive, antidyslipidemic, or antidiabetic drugs, and to have lower levels of systolic blood pressure and higher levels of HDL. There were also significant differences in baseline eGFR between the individual groups according to increasing frequencies of coffee consumption.

The prevalence of diabetes and renal function impairment was higher in women who drank \< 1 cup of coffee per day. The prevalence of diabetes gradually decreased with increasing frequency of coffee consumption ([Figure 1](#F1){ref-type="fig"}). The prevalence of renal function impairment (eGFR \< 60 mL/min/1.73 m^2^) also decreased with increasing frequency of coffee consumption.

Compared with drinking \< 1 cup of coffee per day, the OR for renal function impairment was significantly lower (OR, 0.26; 95% CI, 0.16 to 0.41; P \< 0.001) in those who habitually drank ≥ 2 cups of coffee per day in non-adjusted analysis ([Table 2](#T2){ref-type="table"}). The results remained the same after adjustment for multiple confounding factors, such as age, alcohol intake, total energy intake, hypertension, antidyslipidemic drug use, and BMI (OR, 0.52; 95% CI, 0.35 to 0.91; P = 0.02).

When data were stratified according to the presence of diabetes ([Table 3](#T3){ref-type="table"}), coffee consumption of \> 2 cups of coffee per day showed an inverse association with renal function impairment in only diabetic women (OR, 0.14; 95% CI, 0.02 to 0.88; P = 0.04), compared with consumption of \< 1 cup of coffee per day. There was no significant association between coffee consumption and renal function impairment in women without diabetes.

DISCUSSION
==========

In this large nationwide representative study, we observed that habitual coffee consumption of ≥ 2 cups per day was significantly associated with a decreased risk of renal function impairment as compared with coffee consumption of \< 1 cup per day in women with diabetes. It was the first study to examine the association between coffee consumption and renal function impairment in Korean women. Several studies in Japan have reported the effects of coffee on kidney function. In a cross-sectional study of 342 healthy adults, drinking ≥ 1 cup of coffee per day was significantly associated with normal or increased eGFR (≥90 mL/min/1.73 m^2^).[@B7] Another cross-sectional study of 114 community-based health checkup subjects has also reported that the consumption of ≥ 1 cup of coffee per day was associated with higher eGFR as compared with non-coffee drinkers.[@B8] The results were significant and independent of the added sugar and level of high sensitivity C-reactive protein. One clinical trial of 19 young adults aged 21 to 27 years also showed that the consumption of ≥ 3 cups of coffee per day for 14 consecutive days is significantly associated with increased cystatin C-based eGFR as compared with subjects who consume green tea consumption.[@B9] This finding suggests that even a short period of coffee consumption may have a favorable effect on kidney function. However, these aforementioned studies were conducted with only a few participants and did not consider the impact of diabetes on the association between coffee consumption and kidney function.

Several plausible explanations for our results are as follows. First, the various components of coffee may protect the glomerular endothelium from oxidative stress. Caffeic acid, hydroxyhydroquinone, and chlorogenic acid are known antioxidants contained in coffee.[@B19] Second, the antidiabetic effect of coffee may decrease development of diabetic nephropathy. Since phenol chlorogenic acid and its degradation products inhibit glucose absorption and hepatic glucose output, it is conceivable that higher coffee intake may be related to a decreased risk of diabetes.[@B20] Reverse causality is also a possible explanation. Persons with chronic disease, such as diabetes and chronic kidney disease, might avoid coffee drinking.

The prevalence of diabetes decreased as coffee consumption increased. Our results are concordant with those of previous studies showing an inverse association between coffee consumption and diabetes.[@B6] The prevalence of renal function impairment also decreased gradually with the increasing frequency of coffee consumption. Although data were not shown, there was no significant association in middle and elderly-aged Korean men and the mechanism is not clear. Further studies are needed.

There are some limitations to our study. Since coffee consumption was assessed only at the baseline, our results may not reflect long-term patterns of consumption. In our study, there was a lack of information about the type of coffee (caffeinated or decaffeinated), the contents of coffee consumed, whether sugar or cream was added and how the coffee was prepared (espresso, boiled, or filtered), and this may have affected the results. Also, as the categories of coffee consumption were broad (\<1 cup/d, 1 cup/d, and ≥2 cup/d), they may not have accurately reflected the dose-dependent effects of coffee consumption. Given the observational nature of our study, the inverse relationship between coffee consumption and renal function impairment may not reflect a cause-and-effect relationship. And the association may not be definitive due to unmeasured or poorly measured confounders.

Nevertheless, our study has some strengths. First, the sample size of our study was larger than those of prior studies and was based on KNHNES data, which ensured reliable country-wide sampling. Second, more variant multiple confounding factors were adjusted for a variety of parameters compared with previous studies and the results remained significant after the adjustment.

In conclusion, this large cross-sectional study revealed an inverse association between coffee consumption and decreased eGFR, especially in middle-aged and elderly diabetic women. Our results suggest that coffee consumption may be associated with a lower risk of diabetes development, a decreased risk of renal impairment in patients who have already developed diabetes, and a reduction in diabetic nephropathy. Further randomized, controlled clinical studies are needed to confirm the effects of coffee on kidney function.
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Baseline characteristics of study subjects by coffee consumption (n = 2,673, women aged 35 to 84 years)
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Values are presented as estimated mean ± standard error or estimated percent (standard error), as appropriate.

AUDIT: Alcohol Use Disorders Identification Test, HDL: high density lipoprotein, GFR: glomerular filtration rate, HOMA-IR: homeostasis model of assessment-insulin resistance.

^\*^Calculated using analysis of variance with Bonferroni correction or the chi-square test. ^†^Not available. ^‡^Values presented are the estimated means, but log values were used for comparisons.
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Odds ratios and 95% confidence intervals of renal function impairment (estimated glomerular filtration rate \< 60) by coffee consumption in Korean women
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Values are presented as odds ratios (95% confidence intervals).

^\*^Not adjusted. ^†^Adjusted for age. ^‡^Adjusted for alcohol intake, total energy intake (log transformed), hypertension, antidyslipidemic drug use, and body mass index, in addition to the covariates included in the model 2. ^§^Adjusted for diabetes, in addition to the covariates included in the model 3.

###### 

ORs and 95% CIs of renal function impairment (estimated glomerular filtration rate \< 60) by coffee consumption in Korean women with or without diabetes
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Values were presented as odds ratios (95% confidence intervals).

OR: odds ratio, CI: confidence interval, SE: standard error.

^\*^Adjusted for age. ^†^Adjusted for alcohol intake, total energy intake (log transformed), body mass index, hypertension, homeostasis model of assessment-insulin resistance (log transformed) and antidyslipidemic drug use in addition to the covariates included in the model 1.
